We study the arguments given in [1] which suggest that the uplifting procedure in the KKLT construction is not valid. First we show that the modification of the SUSY breaking sector of the nilpotent superfield, as proposed in [1], is not consistent with non-linearly realized local supersymmetry of de Sitter supergravity. Keeping this issue aside, we also show that the corresponding bosonic potential does actually describe de Sitter uplifting.
I. INTRODUCTION
The quest for four-dimensional de Sitter solutions to ten-dimensional string theory is a long-standing problem in high-energy theoretical physics. While many proposals exist [2, 3] , this continues to be a subject of some debate. In [4] it was argued that this task can be reduced to the identification of the correct four-dimensional effective field theory, while compatibility with known approaches to the stabilization of string theory moduli [2, 3, 5] demands the use of supergravity. One is then naturally led to the study of de Sitter solutions to N = 1 d = 4 supergravity as a proxy for de Sitter solutions in full string theory.
One of the known examples of de Sitter (dS) in string theory is the KKLT construction [2] where the 'uplift' from AdS to dS is provided by an anti-D3 brane. In the language of a 4d effective action, it has been argued [6, 7] that this scenario can be described by 
where T is the volume Kähler modulus and S is a nilpotent chiral superfield (i.e. S 2 = 0). The S multiplet contains no fundamental scalar and its single degree of freedom may be identified with an D3 worldvolume fermion [6, 7] . Its fundamental role in the construction of cosmological models with positive vacuum energies has been repeatedly pointed out and extensively investigated (see e.g. [8] [9] [10] [11] [12] [13] [14] [15] ). Furthermore, the coefficient b encodes important information of the D3 brane and it is often represented as b ≡ e 2A0 µ 2 , where e A0 1 is the warp factor at the tip of the throat and µ is related to the unwarped tension of the anti-brane as |µ 4 | ∼ T 3 .
It has been recently suggested in [1] that a 10d analysis might reveal backreaction issues, which would ultimately spoil the possibility of realizing a positive cosmological constant in the KKLT construction. In the same article, the authors speculate that a 4d signal of this situation might be found in a coupling between the fields T and S.
While this coupling is absent in the original KKLT proposal, the proposed reason to consider it was a similarity to the case of D3 branes. It was suggested in [16] that the coefficient of the non-perturbative superpotential A might have a dependence on the modulus Φ describing a position of the D3 brane, so that A = A(Φ). Based on this analogy, the authors of [1] suggested that one can expect a dependence on the D3 brane so that A becomes replaced by A + cS. The resulting effective d=4 supergravity theory is of the following form
where higher order terms in S vanish identically because of the assumed nilpotency condition. The coefficient c was suggested to be viewed as some function of the antibrane tension. It was argued in [1] that we do not know much about the value of the parameter c and one may expect it to be O(1), whereas b is suppressed by a warping factor. Given this hierarchy b A c, it was assumed that one can effectively ignore b in investigations of the KKLT uplifting. Then, one can show that taking b = 0 does not lead to a dS vacuum state, for any value of c.
However, before studying the consequences of this assumption, we would like to notice immediately that the argument that b A c because c is not suppressed by the warping factor e 2A0 1 seems not well motivated. Indeed, consider the limiting case of super-strong warping, which describes the limit b → 0, for fixed value of T 3 . In this limit, the effective D3 brane stress tensor, as seen from the bulk, vanishes and, therefore, cannot cause any backreaction. In other words, one may expect that in this limit the term A c S exp(−aT ) also must disappear. This suggests that the backreaction coefficient c should be also suppressed by the warping factor e This suggestion receives a confirmation from the consistency analysis of the model (2). As we are going to show in the next section, the model in (2) satisfies the consistency condition required in the theory with a nilpotent multiplet S only if |A c| ≤ |b|, which exactly matches our expectations. Note that the term A c exp(−aT ) is exponentially suppressed as compared to the term A c , so for |A c| ≤ |b| we return back to the standard KKLT model with consistent uplifting described by the theory (1) .
One may try to leave the consistency issues aside and interpret the scenario described by (2) as a model of a heavy stabilized chiral field S with a coupling b S + A c S exp(−aT ). This will break the supergravity interpretation of the D3 brane uplifting in KKLT, but it will not affect the presence of metastable dS minima in the scalar potential, even in the case b A c. The reason is that the term A c exp(−aT ) becomes exponentially suppressed at large T , whereas the coefficient b remains constant. As a result, the positions of the dS minima at large c are proportional to log 1/b. Therefore, these minima effectively disappear once we take b = 0, as it was considered in [1] . This only indicates that this limit does not capture the physics of the theory with small but non-vanishing b.
In the following, we will analyze in detail the arguments outlined above and draw our conclusions.
II. VALIDITY OF THE NILPOTENCY OF S
An important property of the theory (1) is that it represents the so-called consistent de Sitter supergravity [17] [18] [19] [20] [21] [22] with the nilpotent multiplet interacting with standard chiral multiplets with non-linearly realized supersymmetry. This is a local version of the VolkovAkulov supersymmetry which has only fermions in the multiplet [23] .
A necessary condition for the consistency of de Sitter supergravity in [17] [18] [19] [20] [21] is that the term linear in S in the superpotential is a non-vanishing function of other moduli, e.g. for W (T, S) = W (T ) + Sf (T ) one has
The reason for this is that there are vertices in the Lagrangian with non-linearly realized supersymmetry, which have couplings
, see [17] [18] [19] [20] [21] [22] . The off-shell action, which has a non-linearly realized supersymmetry, must contain non-vanishing f (T ), for the consistent supersymmetric embedding to exist.
At the level of the components (s, ψ, F ) of the superfield S, the nilpotency condition S 2 = 0 translates into 3 equations
If F = D S W = 0 we find that there is a Volkov-Akulov fermionic field, whereas the scalar degree of freedom becomes replaced by a bilinear fermion such as
If F = D S W = 0 there is only the trivial solution
At the level of the connection with the D3 brane, this means that the effective tension vanishes and one cannot assume its existence at that point. In the KKLT model (1) one finds that, everywhere in the moduli space of T , the existence of the D3 is equivalent to the nilpotency condition on the S superfield
The supergravity action with non-linearly realized supersymmetry is thus well defined for any value of T . Let us now consider the model (2) with the new coupling term proportional to c. According to [1] , this would represent some unknown non-perturbative correction to the superpotential, which depends on the anti-brane tension. In this case, the supersymmetry breaking in the S direction reads
thus showing an explicit dependence on the field T . This implies that there exists a point in the complex plane of moduli space where supersymmetry is restored in the S direction, that is
For positive A, the position of T 0 depends on the relative signs of b and c. Specifically, it is located on the real axis Im T = 0 when b · c < 0, while this shifts to Im T = ±π/a for b · c > 0. However a point in field space with D S W = 0 is certainly problematic with the assumption of [1] that the field S is nilpotent. Specifically, as explained above, the existence of this point is inconsistent with the known version of the dS supergravity action [17] [18] [19] [20] [21] [22] and we do not know if any other version of it, allowing vanishing D S W , will be ever constructed. Thus, the addition of a term c A Se −aT to the KKLT superpotential means that the corresponding model, at some point of the moduli space where D S W = 0, does not have an D3 brane. Technically, the potential in (2) does not have a supersymmetric embedding.
One could hope that there is some way to overcome this problem and generalize dS supergravity action [17] [18] [19] [20] [21] [22] to make is compatible with the singularity of the coupling, but it does not seem likely. In any case, until it is done, the modification of the KKLT superpotential proposed in [1] has some clear limitations. By looking at eq. (9) one finds that the only possibility to consistently use the model (2) is to impose the constraint
This confines the 'critical point' T 0 to T +T < 0, which is outside the half-plane T +T > 0 where supergravity with the Kähler potential (1), (2) is defined. In that case, the superfield S is nilpotent in the whole allowed field space T +T > 0. However, for |A c| ≤ |b|, the new contribution c A S e −aT is exponentially smaller than the original term b S, and physical consequences of that model, including moduli stabilization and uplifting, become identical to the ones typical of KKLT and described by (1).
III. ON THE ABSENCE OF dS VACUA IN
KKLT ACCORDING TO [1] Ignoring the supersymmetry and nilpotency issues, which by itself are sufficient to disqualify the model in (2), we can still check whether the analysis of the bosonic potential based on (2) agrees with our findings. We will reach a conclusion opposite to the one in [1] .
The argument in [1] as to why there are no dS vacua in (2) is explained at p. 30, after the analysis in d=10. We quote: "It is now interesting to go back to the 4D superpotential (17) to note that our 10D analysis is compatible with the extreme case b → 0, suggesting the existence and significant strength of the superpotential term describing the interaction between the anti-brane and the gaugino condensate (see Fig. 4 )". The reader is invited to look at Fig. 4 where the potential is plotted at b = 0 and it is explained why this potential cannot be uplifted.
Let us now stress that in the d=10 analysis in [1] it was never proven that b = 0, all d=10 arguments were given up to some unknown factors. At best the d=10 argument might suggest that b is small. Therefore we will now compare the properties of the scalar potential following from (2) at small b versus the one at b = 0.
IV. DE SITTER VACUA
The scalar potential corresponding to the theory (2) is given by
where T = t+iθ. This potential has extrema with respect to θ at θ = 0, or at θ = π/a, modulo 2πn/a. The stability condition along these two different directions imposes the combination bc + 3aW 0 to be negative or positive, respectively. Note that, in the original case of KKLT, this option is absent, since for c = 0 the only stable direction, in the fundamental domain, is the real axis.
The main argument given in [1] is that, if b is many orders of magnitude smaller than c, one can simply ignore b and consider the potential (11) in the limit b = 0. This yields the potential shown in Fig. 4 of [1] . From that figure, it is obvious that the potential at b = 0 does not describe dS vacua for any c.
While this argument may intuitively seem appealing, it is actually incorrect, because in (11) the small constant b is amplified by the exponentially large factor e at .
A. dS vacua at T = t + i π a
We will start our analysis with the potential (11) for θ = π/a, since this analysis is quite simple. The potential for T = t + i π/a is given by
(12) An identical potential describes the theory at θ = 0 if one simultaneously changes the sign of c and W 0 in (11) .
First of all, let us notice that the potential (12) is manifestly positive, because the value of W 0 used in the original version of the KKLT scenario is negative. Therefore if this potential has any minimum, it is definitely dS.
Secondly, let us consider the large c limit. Then one can easily understand that at small t, as well as at large t, the main contribution to the potential is given by the term e −2at 12t 2 Ac − be at 2 .
This term dominates everywhere outside a small vicinity of the point be at = Ac, where it vanishes. Therefore one could argue that at large c this potential should have a dS minimum at
i.e. close to the critical point (9) . To confirm this conclusion, we plot the potential (12) for A = 1, a = 0.1, W 0 = −10 −4 , c = 3 and b = {0.001, 0.002, 0.003, 0.004}. As we see, the potential has a dS minimum for each of these values of b. We found that each of these dS minima appear close to the position of the critical point (14) for the corresponding values of the parameters, and accuracy of this estimate become better and better at large c and small b.
These considerations clearly show that, in the context of the KKLT stabilization, one should be very careful with considering apparently irrelevant terms. In the situations with b c, the two contributions become nevertheless comparable and one cannot drop one of the two in the analysis of the model. Eq. (14) shows that the theory has dS vacua for extremely small values of b, contrary to the expectations of [1] . Moreover, the position of One should note that, since the potential (12) is manifestly positive, one must take exponentially small b in order to describe the cosmological constant Λ ∼ 10 −120 . Now we will turn to the potential (15), which is more closely related to the original KKLT potential and allows to get Λ ∼ 10 −120 in the context of the string landscape scenario without using extreme values of parameters.
B. dS vacua at T = t
The standard KKLT potential has a minimum at real T with θ = 0. Looking at the same direction, the modified potential used in [1] is given by
Analytical investigation of the potential (15) is somewhat more involved than the investigation of the potential (12) , but the final conclusion of our numerical analysis is very similar. At large c, this potential has dS minima at a position almost exactly coinciding with t ∼ 1 a log Ac b , see Fig. 2 . We plotted the potential for c = 1, but dS potential exist for much greater and for much smaller values of the parameter c. Such potentials can describe metastable dS vacua with arbitrarily small values of the cosmological constant, including Λ ∼ 10 −120 . One can check that these dS minima (just as the minima studied in the previous subsection) are indeed true minima with respect to both of the fields t and θ. We illustrate it in Fig. 3 , which shows the potential (15) as a function of t and θ for A = 1, a = 0.1, Returning to Fig. 2 , this figure reveals some instructive facts. First of all, contrary to the arguments of [1] , during the full process of uplifting the position of the minimum is shifted only by 7.3%. Also, the shift from c = b = 0 to c = 1, b = 0, uplifts the minimum from -2 to -1.6, i.e. only by 1/5 of the way from the supersymmetric AdS to dS. The main part of uplifting is achieved due to the tiny change from b = 0 to b = 10 −5 . This shows once again how dangerous it is to ignore string tension encoded in b as compared with the backreaction c, even if one assumes that it makes sense to consider large backreaction on the tension of the D3 brane in the limit when this tension vanishes, see a discussion of this issue in the Introduction.
For completeness, one may also consider models with c < 0. In Fig. 4 
V. FROM 10d TO 4d
As we can see, the results of our investigation of the modified 4d KKLT model (2) proposed in [1] disagree with the statement that KKLT construction fails to uplift based on the 10d analysis performed in [1] .
The central point of the 10d argument is an assumption near eq. (62) which says "We simply assume that the new minimum lies at a different volume", ρ → ρ + δρ. Concerning the actual value of δρ proposed in eq. (63), they explain that they cannot compute its value.
The main computation related to the 10d analysis in [1] is in Appendix C. It basically re-derives the case of the backreaction due to mobile D3 branes placed on D7 branes that wrap 4-cycles of the Calabi-Yau, as it was done before in [24] . There is no such computation for the D3 at the tip of the conifold neither in [24] , nor in [1] . Further, any analogy of the mobile D3 brane analysis in [24] with [6, 7] is complicated by the fact that [6, 7] explicitly considered an D3 placed on an orientifold plane; the latter of which is fixed in position 2 and hence is in no sense mobile. Instead, in [1] they give a "parametric estimate (neglecting volume powers) based on generic assumptions" and end up suggesting that δρ is significant.
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These assumptions were the basis for neglecting the coefficient b representing the tension of the anti-D3 brane.
The final results of the 10d analysis are illustrated in [1] by Fig. 4 demonstrating the absence of uplifting in the 4d model for b = 0. Meanwhile our calculations show that even if b is 5 orders of magnitude smaller than c, the shift δρ during uplifting is very small, and dS vacua do exist, see Fig. 2 . In short, we note that the assumptions made in the context of the 10d analysis in [1] follow a very similar trend of the assumptions made in the 4d model (or viceversa), which we already proved to be incorrect. The intuition behind the 10d investigation about the significant backreaction of the anti-D3 brane sitting at the end of the throat by analogy with the backreaction due to D3-brane positions on D7-branes wrapped on 4-cycles, is actually not supported by explicit computations and contradicts the general arguments given in the Introduction of this paper.
This leads us to suggest that in fact there should be an equivalence between our 4d and a (properly corrected) 10d analysis. This investigation is the subject of [25] , where a derivation of de Sitter supergravity in d=4 from a string compactification in d=10 is proposed. Further discussion of the 10d physics can be found in [26] , [27] , and [28] .
VI. CONCLUSION
As we have shown in Section II, the modification of the KKLT model proposed in [1] and shown here in our equation (2) , is problematic because it violates the nilpotency condition at some point in the moduli space. The corresponding potential does not have a supersymmetric embedding in the class of currently available supergravities with nilpotent multiplet [17] [18] [19] [20] [21] [22] , unless |A c| ≤ |b|, in which case the standard KKLT uplifting scenario takes place.
Secondly, and independently from the SUSY embedding and nilpotency issues, the analysis of the bosonic potential in [1] was based on an assumption that the small parameter b in the superpotential can be safely taken as b = 0, despite the fact that the other term in the superpotential, proportional to c, decreases exponentially at large T . In Section IV we have shown that dS minima do actually exist for a broad range of parameters c and b, with an exception of the unphysical limiting case b = 0 considered in [1] . Therefore we conclude that the critical arguments against the KKLT construction in [1] based on the 4d supergravity approach are not valid, whereas the 10d arguments are debatable.
